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Abstract: The sensory evaluation, electronic nose (E-nose), and solid-phase microextraction-gas chromatography-mass
spectrometry (SPME-GC-MS) were used to analyze the emulsified sausages (with or without fat addition) volatiles at
different cooking temperatures (80 °C, 30 min, 90 °C, 30 min, 100 °C, 30 min and 121 °C, 20 min), which aimed to clarify
the effect of fat on the pork emulsified sausages volatiles at different cooking temperatures. Results showed that, the fat
additional sausages had outstanding flavor when cooking at 100 °C for 30 min. The fat addition improved the sensory

intensity of the fat fragrance, sulfurous, rancid, and green fragrance while inhibiting the meat and mushroom flavor of
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emulsified sausages at high temperatures. The E-nose could effectively distinguish sausages with or without fat

supplementation, in which the samples (80 “C, 30 min) was not suitable for the method. On the other hand, e-nose was

preferable to distinguish the cooking temperature difference sausages except for samples cooked at 100 °C for 30 min and

121 °C for 20 min. SPME-GC-MS indicated 56 volatile compounds detected from eight treatment groups. Several vital

compounds, including hexanal, heptanal, octanal, pentanal, nonanal, 1-octene, 1-octen-3-ol, and methanethiol were found to

increase with the cooking temperature. PLS-DA identified hexanal, pentanal, and n-hexanoic acid vinyl ester as potential

markers of odor differences in sausages at different cooking temperatures. Moreover, OPLS-DA obtained 17, 17, 22, and 25

compounds from sausages (with or without fat addition) cooking at four kinds of temperatures respectively. In conclusion,

fat addition significantly increased the content of volatiles in sausages under the same cooking condition, and cooking at

100 °C for 30 min was more beneficial to the formation of sausage flavor.

Key words: emulsified sausage; cooking temperature; fat; volatile flavor substance; PLS-DA
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Table 1 Descriptive sensory scores of different emulsified sausage samples (scores)

25 PRI ERUS iU RA B BE IR TR
Cl 8.06+1.7° 5.89+3.11° 4.11x2.75° 1.81£0.39° 2.72+1.44° 2.67+1.54°
C2 9.39+2.23% 642.98" 4.61£3.11° 2.06:+0.68° 3.03£1.58° 3.47£2.25%
Cc3 9.28+2.59™ 7.5+3.44" 5.39+3.7" 2.19+0.73" 3.58+1.87° 4+3.08™
C4 10.7242.03* 9.22:2.54% 7.28+3.79% 3.541.7° 4.86+2.97° 5.33+3.02%
Fl 8.61+1.5" 6.83+3.15" 4.72+3.04 2+0.79° 2.94+1.94° 3.2242.31%
F2 9.67+1.84% 8.56+3.39™° 5.5+3.43% 2.11+0.96 3.3942.4° 3.83+2.59%
F3 11.2241.52° 9.22:+3.46% 6.06+3.84% 2.64+1.36" 4.0642.94° 4.39+2.96%
F4 9.28+1.92% 10.83+2.22° 8.06+3.92° 3.5+2.06° 4.1642.32° 5.7243.41°

T [ — S RN TR AT R 2% 5 (P<0.05)
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Table 2 Volatile content of emulsified sausages in different treatment groups
. & (pg/kg)
F5 FFR CASS RI%RI®
C1 F1 C2 F2 C3 F3 C4 F4

V1 B 111-71-7  0.61£0.27* 0.66+0.12* 0.82+0.15® 3.22+1.08" 0.6£0.29®  8.71+4.74*  598+2.52*  5.19+0.56°  885/894
V2 TR 124-19-6  5.36£1.16° 1.87+0.55* 5.36+1.55° 4.11£0.51¢ 8.53+2.98™ 5.62+1.74*  15.06+3.59° 8.81+0.49° 1095/1087
V3 RIVAY S 629-80-1 - - - - 0.28+0° - 2.45+0.61° - 1821/1817
V4 37'3? Ea 5988-91-0 - - 0.47+0.38° - 0.85+0.15 - 0.11£0.02¢ - <700
A& L 75-07-0 - - - - - - 1.03+0.46" - <700
V6 T 638-37-9 - - - - - 1.130.35°  0.91£0.79*  1.59+0.27° <700
V7 e 110-62-3 - - - 27.85+0.09° - 33.16+£12.09° 10.09+2.73° 36.43+2.91° <700
V8 CLE 66-25-1 - 10.72+1.04¢ - 97.24+47.45° - 149.26+39.34° 51.86+16.58" 206.28+52.39¢ 825/801
V9 IRHEE 100-52-7 - - - - - - 1.18+0.32° - 943/961
V10 S 124-13-0 - - - 1.35+0.87% 5.47£0.85®  5.19+1.31"®  3.18£02'  1008/1004
Vil L 112-31-2 - - - - - - 0.12:£0.04° - 1188/1188
V12 (E)-2-FMiE  2548-87-0 - - - - - 1.11£0.24°  0.45£0.16°  2.02£0.5*  1050/1064
V13 (2)-2-THlE 60784-31-8 - - - - - 0.09+£0.03°  0.33+0.09" 1141/1147
V14 (2)-2-BEalE 57266-86-1 - - - - - 1.79+0.23" - 2.09+0.06*  939/931
V15 (2)-2-38)51E 2497-25-8 - - - - - - 0.070.02° - 1246/1250
V16 (AN 638-66-4 - - - - - - 0.06£0.02° - 2077/~
V17 2.5-F " 3214-41-3 - - - - - 40.52+1.74*  51.748.11°  29.56+0.8° 970/
V18 2-FHE-3-F  923-28-4 - - - 8.66+2.86" - - - - 969/—
V19 2-THi 78-93-3 - - - - - - 1.85+0.3° - <700/-

JZ-2,4- b a
V20 oy e 111-28-4 - - - - - - 0.38£0.07°  0.96£0.36"  <700/—
V21 1- R 71-41-0 - - - 3.26+1.53° - 9.98+1.1° 1.7440.5% 9.9+2.52° 755/
V22 1-ER-3-EE 3391-86-4 - - - 2.661.23° - 12.6241.49°  24.17+7.89°  12.95+0.75"  964/978
V23 (Z)Qg;f%'l' 26001-58-1 - - - - - - 0.060.04" - 1053/1071
V24 4-FH-1- 0 927-55-9 - - - 2.04+0.88° - 1.240.34° - 3.5+0.02° <700

3-F- .
V25 ) gt 27583-37-5 - - - 0.22+0.13 - - - - <700
V26 Skt 111-65-9  6.28+0.24° - - - 12.4+2.85° - - - <700
V27 V%N 100-41-4  1.24+0.31° - 1.4+0.53" - - - - - 839/
V28 e 124-18-5 4.56£0.76* 10.09+£1.23*  6.8+2.5°  2.69+0.5° 4.02+1.26* 1.53£0.28% 2.48+0.67  1.48+0.22° 1000/1000
V29 +—kt 1120-21-4  0.56+0.05* 0.83+0.13* 0.63£0.02° 0.74+0.21° 0.61+0.16 - 0.66+0.04* - 1100/1100
V30 1-FHEEET  2471-84-3  0.2540.01°  1.01+0.71°  0.1£0.04°  0.3+0.07° 0.28+0.06°  0.23+£0.01°  0.28+0.13" - 1163/—
V3l 6-HEET b 10544-96-4  0.3£0.04° - - 0.33+0.07° 0.74+0.33% - 1.1£0.07°  1854/1847
V32 2’6’$@g % 14905-56-7 0.09+0.01° 0.57+0.35* 0.06+£0.01° 0.34+£0.11° 0.07£0.01°  0.75+0.16°  0.07+0.02°  0.12+0.01° 1579/1557
V33 -4 111-66-0  0.55+0.03° - - - 1.39+0.38" - - 1.36£0.62° 747/
V34 3-H B 1632-16-2  0.59+0.01° - 0.62+0.2° - 1.58+0.44° - - - 742/764
V35 3-MIE-ZBE 13151-34-3  0.24%0° - - - - - - - 1055/1070
v36 2-HE-ThE  78-78-4 - - 0.94+0.16° - 1.59+0.04° - 1.59+0.04° - <700/477
V37 2’4'723 #a 589-43-5 - - 9.41+3° - - - - - 717/726
V38 + ki 112-40-3 - - 0.49+0.03° - 0.81+0.01° - - - 1200/1200
V39 2-5EBE 628-61-5 - 2.3041.23°  0.78+0.16™  1.2+0.59° - 1.37+0.17°  0.45£0.19" - 747/~
V40 P 142-82-5 - - - - 0.49+0.08" - - - 700/700
v41 HE-FCOHK  108-87-2 3.42+0.86° 0.8+£0.23" - - - <700

2-7,3k-4- a a a
VA2 g ks 3404-80-6 - - - - - 0.5£0.08°  0.54+0.2°  0.47+0.1°  742/745
V43 WRHEEREE  865-40-7 - 1.020.20° - - - - - - <700
V44 3-FEF 14850-22-7 - 5.2242.24° - 3.68+3.45° - - - - 808/811
vas A3 sessaas - - - 0.45+0.07° - 1.31+0.18° - - 713/~

LT hE ~a9- : . 310.

IR —
vae 12 T%H‘ 17322-97-3 - - - - - - - 0.08+0.00° 1188/~
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i (ug/kg)
T 2R CASS RI%RI
Cl1 F1 Cc2 F2 C3 F3 C4

2>4':'J“XT% b a b b b b b b
V47 M 96-76-4  0.14£0.01° 3.87+0.82° 0.15£0.02° 0.54£0.09° 0.24+£0.06°  0.77+0.21°  0.07£0.02°  0.63+£0.05° 1530/1513

2,6-X(1,1-—

L2 )
V48 —*Ufnﬁfﬁ 1883-13-2  0.05£0°  0.33£0.05* 0.04+0.01° 0.08+0.02° 0.05+0.01®  0.07+0.01°  0.04£0.01°  0.09£0.04°> 1697/

2)
K

2-FHH) b a .
V49 T 4025-37-0  2.1+0.29 - - 3.48+0.93 - - 1.35+0.36 - <700
V50 FH e 74-93-1 - - - - - - 0.72+0.21* <700
V51 O-HIEERAR  2440-60-0 - - - - - - 0.43£0.24°  0.69+0.04" <700
V52 N’N'@jt,i%%qa 761-65-9 - 2.1620.55" - 2.162£0.55° - 0.69+0.27 - 0.66£0.04*  1778/1773
V53 WERRRAMEE 5331-43-1  0.31x0.1° - 0.39+0.16° 0.760.44" - - - <700
V54 n-CERLHEDR  3050-69-9 - - - 0.94+0.08" - 50.98+4.32° - 51.03+10.2° 969
V55 AR THEE  924-43-6  0.76+0.22° - - - - - - - 582/542
V56 %%gr},ﬁ% 56554-43-9 - - - 0.24+0.02° - - - - 702/
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Fig.2 Species and content of volatile substances in different
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Table 3 OAYV values of volatiles from emulsified sausages in different groups

#FK B (ngkg)®™ 1 Fl 2 F2 c3 F3 c4 F4 SR
(AL 4.50 - 2.38 - 21.61 32.50 1152 4584 WA M R R
B 3.00 0.20 - 0.27 1.07 0.20 2.90 1.99 1.73 B MG . RIS
Vo 0.70 - - - 1.93 7.81 742 454 MR BRI, B
i3 20.00 - - - 0.49 1.66 0.50 12.52 HR,MRR . HAE
T 1.00 5.36 5.36 411 8.53 5.62 15.06 8.81 R NG R
P 350.00 - - - - - - 0.00 - T RN
e 4.90 - - - - - - 0.03 - B2 A . AT
(Z)-2- i 3.00 - - - - - - 0.15 0.67 R AR R
14 0.50 1.09 - - - 2.77 - - 272 TN
ZEh 10000.00 0.00  0.01 0.00 - 0.00 0.00 0.00 0.00 SN
1270531 1.00 - - - 2.66 - 1262 2417 1295 BT | Yk
1- )G 150.20 - - - 0.02 - 0.07 0.01 0.07 AR R
2,4-8 ZHf- 1 50.00 - - - - - - - 0.02 -
FH i e 0.20 - - - - - - 3.58 BRI | ORI | B2 40 SRk

e =T ARERARAS 5 X5 A M) BT A S KI5 Thttp: //www. flavornet.org/flavornet.html.,
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Fig.3 PCA score of volatile compounds in emulsified sausage
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Fig.5 OPLS-DA analysis of emulsified sausage
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